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SEMICONDUCTOR DEVICE AND DATA
PROCESSING SYSTEM INCLUDING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a data processing system including the same, and more
particularly relates to a semiconductor device capable of
reducing 1ts power consumption in the standby state and a
data processing system including the semiconductor device.

2. Description of Related Art

In recent years, an operation voltage of semiconductor
devices 1s steadily reduced for reducing their power con-
sumption. Some of currently available semiconductor
devices have an operation voltage as low as 1 V. However, a
threshold voltage of a transistor needs to be reduced follow-
ing the reduction in the operation voltage, and this fact leads
to a problem that a subthreshold current of the transistor 1n a
non-conductive state 1s increased. As a solution to this prob-
lem, a power gating control method 1n which power lines are
separated into main power lines and dummy power lines has
been proposed in Japanese Patent Application Laid-open
Nos. 2000-82950 and HO8-227580.

Japanese Patent Application Laid-open Nos. 2000-82950
and HO8-227580 disclose a technique 1n which a power node
on a high side 1s connected to a main power line and a power
node on a low side 1s connected to a dummy power line for a
logic circuit that needs to output a high level at the time of
standby, and a power node on a high side 1s connected to a
dummy power line and a power node on a low side 1s con-
nected to a main power line for a logic circuit that needs to
output a low level at the time of standby. According to this
technique, because a source of a transistor that 1s turned oif in
a standby mode 1s 1nvariably connected to a dummy power
line, by reducing an electric potential of a dummy power line
on a high side at the time of standby and 1ncreasing an electric
potential of a dummy power line on a low side, a subthreshold
current of the transistor that 1s turned off can be reduced.

However, 1n the semiconductor devices disclosed 1n Japa-
nese Patent Application Laid-open Nos. 2000-82950 and
HO8-227580, a source potential of a transistor that 1s turned
on 1n the standby mode 1s the same as a source potential of the
transistor 1n an active mode. Therelfore, a leakage current that
flows between agate electrode of the transistor that 1s turned
on 1n the standby mode and a substrate (a back gate) cannot be
reduced. Also, aleakage current that flows between a drain of
a transistor that i1s turned off i1n the standby mode and a
substrate (a back gate) cannot be reduced sufficiently.

SUMMARY

In one embodiment, there 1s provided a semiconductor
device comprising: first and fourth power lines that are not
power gated; second, third, fifth and sixth power lines that are
power gated; a first logic circuit having an input node to
receive an input signal and an output node to output an output
signal, one power node on a high potential side and other
power node on a low potential side, the one power node of the
first logic circuit being connected to the third power line, and
the other power node of the first logic circuit being connected
to the fifth power line; a second logic circuit having an input
node to receive an input signal and an output node to output an
output signal, one power node on a high potential side and
other power node on a low potential side, the one power node
of the second logic circuit being connected to the second
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power line, and the other power node of the second logic
circuit being connected to the sixth power line; and a control
circuit that performs power gating control over the second,
third, fifth and sixth power lines, respectively, wherein the
control circuit controls, 1n a first state, an electric potential of
the second and third power lines to a first potential of the first
power line and controls an electric potential of the fifth and
sixth power lines to a second potential of the fourth power
line, the control circuit turther controls, 1n a second state, an
clectric potential of the third power line to a third potential
lower than the first potential, an electric potential of the sec-
ond power line to a fourth potential lower than the third
potential, an electric potential of the sixth power line to a fifth
potential higher than the second potential, and an electric
potential of the fifth power line to a sixth potential higher than
the fifth potential, the first logic circuit outputs a signal having
the third potential from the output node thereof 1n the second
state, and the second logic circuit outputs a signal having the
fifth potential from the output node thereof in the second
state.

In another embodiment, there 1s provided a semiconductor
device comprising: first to third power lines respectively sup-
plied with electric potentials showing a first logical level; a
fourth power line supplied with an electric potential showing
a second logical level; a first ofi-leakage control circuit that
supplies the second power line with an electric potential that
1s same as the first potential of the first power line by electri-
cally connecting the second power line to the first power line
in a first state, and electrically disconnects the second power
line from the first power line 1n a second state; a second
off-leakage control circuit that supplies the third power line
with an electric potential that 1s same as the first potential in
the first state, and supplies the third power line with a third
potential shifted from the first potential toward a second
potential lower than the first potential of the fourth power line
in the second state; and a circuit block including a plurality of
logic circuits each having an output node, wherein the circuit
block includes first logic circuits which a signal output from
the output node thereotf in the second state 1s fixed to the first
logical level, each of the first logic circuits includes one
power node connected to the third power line and other power
node supplied with the second potential at least 1n the first
state, and the circuit block includes second logic circuits
which a signal output from the output node thereof in the
second state 1s fixed to the second logical level, each of the
second logic circuits includes one power node connected to
the second power line and other power node supplied with the
second potential at least 1n the first state.

In still another embodiment, there 1s provided a semicon-
ductor device comprising: a {irst logic circuit having a {first
output node and including a first transistor of a first conduc-
tivity type that becomes electrically conductive when an out-
put signal to be output from the first output node to a high
level and a second transistor of a second conductivity type
that becomes electrically conductive when the output signal
to be output from the first output node to a low level; and a
second logic circuit having a second output node and 1nclud-
ing a third transistor of the first conductivity type that
becomes electrically conductive when an output signal to be
output from the second output node to a high level and a
fourth transistor of the second conductivity type that becomes
clectrically conductive when the output signal to be output
from the second output node to a low level, wherein 1n a first
state an electric potential of drains of the first to fourth tran-
sistors that 1s 1n an electrical conductive state becomes a first
potential when an output signal of a corresponding logic
circuit 1s at a high level and becomes a second potential when
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an output signal of a corresponding logic circuit 1s at a low
level, 1n a second state an electric potential of a drain of the
first transistor becomes a third potential shifted from the first
potential toward the second potential, a voltage between a
source and a drain of the second transistor becomes smaller
than a difference potential between the third potential and the
second potential, an electric potential of a drain of the fourth
transistor becomes a fifth potential shifted from the second
potential toward the first potential, a voltage between a source
and a drain of the third transistor becomes smaller than a
difference potential between the first potential and the fifth
potential, and absolute potentials are higher 1n order of the
first potential, the third potential, the fifth potential, and the
second potential.

In one embodiment, there 1s provided a data processing
system that includes: the semiconductor device; and a con-
troller that supplies a command to the semiconductor device,
wherein the semiconductor device enters 1n the first state or
the second state based on the command.

According to the present invention, a leakage current that
flows between a gate electrode of a transistor that becomes
clectrically conductive 1n the standby mode and a substrate (a
back gate) can be reduced, and a leakage current that flows
between a drain of a transistor that becomes electrically non-
conductive in the standby mode and a substrate (a back gate)
can as well be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain preferred embodiments taken 1n conjunction with the
accompanying drawings, 1n which:

FI1G. 1 1s a block diagram of a configuration of a semicon-
ductor device according to an embodiment of the present
imnvention;

FIGS. 2A to 2D are circuit diagrams of off-leakage control
circuit 10, 20, 30, and 40, respectively;

FIG. 3 1s a timing chart showing an operation of the off-
leakage control circuits 10, 20, 30, and 40;

FI1G. 4 15 a circuit diagram showing a circuit block CB;

FIG. 5A 1s a circuit diagram of the off-leakage control
circuit 20 of another example;

FIG. 5B 1s a circuit diagram of the off-leakage control
circuit 40 of another example;

FIG. 6 A 1s a circuit diagram of a regulator circuit 23;

FIG. 6B is a circuit diagram of a regulator circuit 43;

FIG. 7A 1s a circuit diagram of the off-leakage control
circuit 20 of still another example;

FIG. 7B 1s a circuit diagram of the off-leakage control
circuit 40 of still another example; and

FIG. 8 15 a block diagram showing a configuration of a data
processing system 3500 using the semiconductor device 100
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(L]

A representative example of a technical concept for solving
the problem of the present invention 1s described below. It 1s
needless to mention that the contents that the present appli-
cation 1s to claim for patent are not limited to the following
technical concept, but to the description of the appended
claims. That 1s, the present invention includes, at the time of
standby, first and second high-side dummy power lines on a
high potential side that are power gated to mutually different
clectric potentials, first and second low-side dummy power
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lines on a low potential side that are power gated to mutually
different electric potentials, a first logic circuit that 1s con-
nected to one of the first and second high-side dummy power
lines and other of the first and second low-side dummy power
lines, a second logic circuit that 1s connected to other of the
first and second high-side dummy power lines and one of the
first and second low-side dummy power lines, and a control
circuit that controls the first and second high-side dummy
power lines and the first and second low-side dummy power
lines. All these dummy power lines are power gated by the
control circuit at the time of standby, the first and second
high-side dummy power lines are controlled to have the same
clectric potential, and the first and second low-side dummy
power lines are controlled to have the same electric potential
at the time of being active. In other words, the technical
concept of the present invention 1s to connect the power node
on the high side to the first high-side dummy power line and
the power node on the low side to the second low-side dummy
power line for a logic circuit that needs to output a high level
at the time of standby, and to connect the power node on the
high side to the second high-side dummy power line and the
power node on the low side to the first low-side dummy power
line for a logic circuit that needs to output a low level at the
time of standby. The first high-side dummy power line 1s a
power line to which an electric potential that 1s the same as
that of a high-side main power line 1s supplied at the time of
being active and an electric potential that 1s lower than the
clectric potential of the high-side main power line 1s supplied
at the time of standby. Furthermore, the second high-side
dummy power line 1s a power line to which an electric poten-
t1al that 1s the same as that of the high-side main power line 1s
supplied at the time of being active and an electric potential
that 1s further lower than the electric potential of the first
high-side dummy power line i1s supplied at the time of
standby. Similarly, the first low-side dummy power line 1s a
power line to which an electric potential that 1s the same as
that of a low-side main power line 1s supplied at the time of
being active and an electric potential that 1s higher than the
clectric potential of the low-side main power line 1s supplied
at the time of standby. Furthermore, the second low-side
dummy power line 1s a power line to which an electric poten-
tial that 1s the same as that of the low-side main power line 1s
supplied at the time of being active and an electric potential
that 1s further higher than the electric potential of the first
low-side dummy power line 1s supplied at the time of standby.
Consequently, not only that a subthreshold leak (Isub or Ivt)
of a transistor that becomes electrically non-conductive at the
time of standby 1s reduced, but also a leakage current (Igate)
that flows between a gate electrode of a transistor that
becomes electrically conductive at the time of standby and a
substrate (a back gate) can be reduced, and a leakage current
(Igidl) that flows between a drain of a transistor that becomes
clectrically non-conductive at the time of standby and a sub-
strate (a back gate) can as well be reduced. The Isub, Igate,
and Igidl mean a sub-threshold current, a Gate Leakage cur-
rent, and Gate Induced Drain Leakage current, respectively.

Preferred embodiments of the present invention will be
explained below 1n detail with reference to the accompanying
drawings.

FIG. 1 1s a block diagram of a configuration of a semicon-
ductor device according to an embodiment of the present
invention.

As shown 1n FI1G. 1, a semiconductor device 100 according
to the present embodiment 1includes a circuit block CB that
receives a signal IN and outputs a signal OUT. The circuit
block CB 1s a circuit block that 1s subjected to a power gating
control. The power gating control 1s control in which sub-
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threshold currents (Isub), Igate, and Igidl are reduced while
maintaining a logical state by transmitting a signal having a
desired amplitude by setting an operation voltage of the cir-
cuit block CB to a value that 1s the same as a voltage between
main power lines 1n an active mode (first state) where the
signal IN can change (dynamic) and by setting the power
voltage of the circuit block CB to a value that 1s lower than the
voltage between the main power lines in a standby mode
(second state) where the signal IN 1s fixed (static). Dynamic
here means an electric operation such as an operation of
switching logic levels between High and Low. Static (or
fixed) also means an electric operation, not a permanent
physical state, but an operation of maintaining, for example,
any one of a High state and a Low state. These technical
definitions apply throughout the present specification.

As shown 1n FIG. 1, the semiconductor device 100 accord-
ing to the present embodlment includes first to fourth off-
leakage control circuits 10, 20, 30, and 40. The off-leakage
control circuit 10 1s a circuit that receives a power potential
VDD (first potential) supplied from a main power line VDDL
(first power line) and outputs the power potential VDD or a
power potential VDDT (fourth potential) to a dummy power
line VDDTL (second power line). The off-leakage control
circuit 20 1s a circuit that receives the power potential VDD
supplied from the main power line VDDL and outputs the
power potential VDD or a power potential VDDT1 (third
potential) to a dummy power line VDDTIL (third power
line). Either of the power potentials VDD, VDDT, and
VDDT1 1s a logical high level electric potential. As an
example, VDD=1.2 WVolts (V), VDDT1=1.1 V, and
VDDT=1.0 V. That 1s, these potentials have the following
relationship: VDD>VDDT1>VDDT.

The off-leakage control circuit 30 1s a circuit that recerves
a power potential VSS (second potential) supplied from a
main power line VSSL (fourth power line) and outputs the
power potential VSS or a power potential VSST (sixth poten-
tial) to a dummy power line VSSTL (fifth power line). The
off-leakage control circuit 40 1s a circuit that receives the
power potential VSS supplied from the main power line
VSSL and outputs the power potential VSS or a power poten-
tial VSST1 (fifth potential) to a dummy power line VSSTI1L
(sixth power line). Either of the power potentials VSS, VSST,
and VSST1 1s a logical low level electric potential. As an
example, VSS=0V, VSST1=0.1V, and VSST=0.2 V. That 1s,
these potentials have the {following relationship:
VOS<VSSTI<VSST.

Either of the dummy power lines VDDTL, VDDTIL,
VSSTL, and VSSTI1L 1s connected to the circuit block CB.
The circuit block CB performs a switching operation by using
the electric potentials supplied via these VDDTL, VDDTI1L,
VSSTL, and VSSTI1L as operation potentials. T

T'o the circuit
block CB are connected the main power lines VDDL and
VSSL. Either of the power potential VDD supplied to the
circuit block CB wvia the main power line VDDL and the
power potential VSS supplied to the circuit block CB via the
main power line VSSL 1s, as explained later, used as a sub-
strate (a back gate) potential for transistors included 1n the
circuit block CB.

The off-leakage control circuits 10 and 20 are circuits that
are controlled by a switching signal SWB supplied from a
switching circuit 50, and the off-leakage control circuits 30
and 40 are circuits that are controlled by a switching signal
SW'T supplied from the switching circuit 50. The switching
signals SWB and SWT are complementary signals. When a
command signal CMD supplied to the semiconductor device
100 from outside shows an active mode, the switching circuit
50 outputs a low level switching signal SWB and a high level
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switching signal SW'T. Consequently, the off-leakage control
circuits 10, 20, 30, and 40 are activated. When the ofi-leakage
control circuits 10, 20, 30, and 40 are active, the o1

1-leakage
control circuits 10 and 20 set an electric potential to be sup-
plied to the dummy power lines VDDTL and VDDTIL to

VDD (1.2 V), and the off-leakage control circuits 30 and 40
set an electric potential to be supplied to the dummy power
lines VSSTL and VSSTI1L to VSS (0 V).

On the other hand, when the command signal CMD shows
a standby mode, the switching circuit 50 outputs a high level
switching signal SWB and a low level switching signal SWT.
Consequently, the off-leakage control circuits 10, 20, 30, and
40 are inactivated. When the off-leakage control circuits 10,
20, 30, and 40 are mactive, the off-leakage control circuit 10

sets an electric potential to be supplied to the dummy power
line VDDTL to VDDT (1.0V), the off-leakage control circuit
20 sets an electric potential to be supplied to the dummy
power line VDDTI1L to VDDT1 (1.1 V), the off-leakage
control circuit 30 sets an electric potential to be supplied to
the dummy power line VSSTL to VSST (0.2 V), and the
off-leakage control circuit 40 sets an electric potential to be
supplied to the dummy power line VSST1L to VSST1 (0.1V).

FIGS. 2A to 2D are circuit diagrams of the off-leakage
control circuits 10, 20, 30, and 40, respectively.

As shown 1 FIG. 2A, the off-leakage control circuit
includes a P-channel MOS transistor 11 (first switch circuit)
connected between the main power line VDDL and the
dummy power line VDDTL. The switching signal SWB 1s
supplied to a gate electrode of the transistor 11. Consequently,
when the switching signal SWB 1s activated to a low level, the
main power line VDDL and the dummy power line VDDTL
are short-circuited by the transistor 11. As a result, the electric
potential VDD of the main power line VDDL 1s applied to the
dummy power line VDDTL. On the other hand, when the
switching signal SWB 1s 1mnactivated to a high level, because
the transistor 11 becomes electrically non-conductive, the
dummy power line VDDTL 1s disconnected from the main
power line VDDL. As a result, although, the dummy power
line VDDTL enters into a floating state, because the transistor
11 1s a transistor with a high drive current output power and 1ts
subthreshold leak 1s also large to a certain extent, the electric
potential of the dummy power line VDDTL becomes the
above-mentioned electric potential VDDT due to a subthresh-
old current.

As shown 1 FIG. 2B, the off-leakage control circuit 20
includes a P-channel MOS transistor 21 (second switch cir-
cuit) and a diode 22 (step-down circuit) that are parallel
connected between the main power line VDDL and the
dummy power line VDDTI1L. The switching signal SWB 1s
supplied to a gate electrode of the transistor 21. Consequently,
when the switching signal SWB 1s activated to a low level, the
main power line VDDL and the dummy power line VDDT1L
are short-circuited by the transistor 21. As a result, the electric
potential VDD of the main power line VDDL 1s applied to the
dummy power line VDDTI1L. On the other hand, when the
switching signal SWB i1s 1nactivated to a high level, because
the transistor 21 becomes electrically non-conductive, the
main power line VDDL and the dummy power line VDDT1L
are connected through the diode 22. An anode of the diode 22
1s connected to the main power line VDDL and a cathode 1s
connected to the dummy power line VDDTI1L. Therefore,
when the transistor 21 1s turned off, the power poten‘[lal
VDDT1 equivalent to the power potential VDD minus a
threshold voltage of the diode 22 1s supplied to the dummy
power line VDDT1L. That 1s, assuming the threshold voltage
of the diode 22 to be Vt, VDD T1=VDD-V1t.
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As shown 1n FIG. 2C, the off-leakage control circuit 30
includes an N-channel MOS transistor 31 connected between
the main power line VSSL and the dummy power line
VSSTL. The switching signal SWT 1s supplied to a gate
clectrode of the transistor 31. Consequently, when the switch-
ing signal SWT 1s activated to a high level, the main power
line VSSL and the dummy power line VSSTL are short-
circuited by the transistor 31. As a result, the electric potential
VSS of the main power line VSSL 1s applied to the dummy
power line VSSTL. On the other hand, when the switching
signal SWT 1s inactivated to a low level, because the transistor
31 becomes clectrically non-conductive, the dummy power
line VSSTL 1s disconnected from the main power line VSSL.
As a result, although, the dummy power line VSSTL enters
into a floating state, because the transistor 31 1s a transistor
with a high drive current output power and its subthreshold
leak 1s also large to a certain extent, the electric potential of
the dummy power line VSSTL becomes the above-mentioned
clectric potential VSST due to a subthreshold current.

As shown 1n FIG. 2D, the off-leakage control circuit 40
includes an N-channel MOS transistor 41 and a diode 42 that
are parallel connected between the main power line VSSL and
the dummy power line VSST1L. The switching signal SWT 1s
supplied to a gate electrode of the transistor 41. Consequently,
when the switching signal SWT 1s activated to a high level,
the main power line VSSL and the dummy power line
VSSTI1L are short-circuited by the transistor 41. As a result,
the electric potential VSS of the main power line VSSL 1s
applied to the dummy power line VSST1L. On the other hand,
when the switching signal SW'T 1s mnactivated to a low level,
because the transistor 41 becomes electrically non-conduc-
tive, the main power line VSSL and the dummy power line
VSSTIL are connected through the diode 42. An anode of the
diode 42 1s connected to the dummy power line VSSTI1L and
a cathode 1s connected to the main power line VSSL. There-
tore, when the transistor 41 1s turned oif, the power potential
VSST1 equivalent to the power potential VSS plus a threshold
voltage of the diode 42 1s supplied to the dummy power line
VSSTI1L. That 1s, assuming the threshold voltage of the diode
42 to be Vt, VSST1=VSS+Vt.

FIG. 3 1s a iming diagram showing an operation of the
off-leakage control circuits 10, 20, 30, and 40.

As shown 1n FIG. 3, because the switching signals SWB
and SW'T are at a low level and a high level, respectively, 1n
the active mode, the electric potentials of the dummy power
lines VDDTL and VDDTI1L become the power potential
VDD, and the electric potentials of the dummy power lines
VSSTL and VSSTI1L become the power potential VSS. On
the other hand, because the switching signals SWB and SWT
are at a high level and at a low level, respectively, 1n the
standby mode, the electric potentials of the dummy power
lines VDDTL and VDDTIL drop to the power potentials
VDDT and VDDTI, respectively, and the electric potentials
of the dummy power lines VSSTL and VSSTI1L rise to the
power potentials VSST and VSST1, respectively. At the time
of standby, the relation between these electric potentials 1s as
follows: VDDT1>VDDT and VSST1<VSST.

FI1G. 4 1s a circuit diagram of the circuit block CB.

As shown 1n FIG. 4, the circuit block CB 1ncludes a plu-
rality of logic circuits. In the example of FIG. 4, the circuit
block CB 1s shown as an inverter chain; however, the circuit
configuration 1s not limited thereto. Other circuit configura-
tions such as that of a NAND and NOR can be also used.

The logic circuits constituting the circuit block CB, as
shown 1n FIG. 4, include first logic circuits L1 whose power
nodes on a high side are connected to the dummy power line
VDDTI1L and power nodes on a low side are connected to the
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dummy power line VSSTL, and second logic circuits 1.2
whose power nodes on the high side are connected to the
dummy power line VDDTL and power nodes on the low side
are connected to the dummy power line VSST1L. Mean-
while, the high side here means a high potential side and the
low side means a low potential side.

In the example shown in FIG. 4, the logic circuit L1
includes a P-channel MOS transistor P1 and an N-channel
MOS transistor N1 series connected between the dummy
power lines VDDTI1L and VSSTL. In the logic circuit L1, a
source of the transistor P1 represents the power node on the
high side and a source of the transistor N1 represents the
power node on the low side. Drains of the transistors P1 and
N1 constitute an output node of the logic circuit L1. Similarly,
the logic circuit L2 includes a P-channel MOS transistor P2
and an N-channel MOS transistor N2 series connected
between the dummy power lines VDDTL and VSST1L. In the
logic circuit L2, a source of the transistor P2 represents the
power node on the high side and a source of the transistor N2
represents the power node on the low side. Drains of the
transistors P2 and N2 constitute an output node of the logic
circuit L2.

In the present embodiment, at the time of standby, an 1nput
signal ol the logic circuit L1 1s fixed to a low level and an input
signal of the logic circuit L2 1s fixed to a high level. In other
words, at the time of standby, an output signal of the logic
circuit L1 1s fixed to a high level and an output signal of the
logic circuit L2 1s fixed to a low level. Therelore, at the time
of standby, the transistors P1 and N2 certainly become elec-
trically conductive and the transistors P2 and N1 certainly
become electrically non-conductive. However, because the
power potentials VDDT1 and VSST1 are supplied to the
transistors P1 and N2 that become electrically conductive at
the time of standby, a logic state of the circuit block CB 1s
maintained correctly.

On the other hand, the power potential VDD'T supplied to
the source of the transistor P2 that becomes electrically non-
conductive at the time of standby 1s lower than the power
potential VDDT1, and the power potential VSST supplied to
the source of the transistor N1 that becomes electrically non-
conductive at the time of standby 1s higher than the power
potential VSST1. Consequently, the subthreshold leak flow-
ing in these transistors P2 and N1 1s reduced.

Specifically, although a voltage between a source and a
drain of a transistor that becomes electrically non-conductive
at the time of being active becomes VDD-VSS, a voltage
between the source and the drain of the transistor P2 at the
time of standby 1s reduced to VDDT-VSST1 and a voltage
between the source and the drain of the transistor N1 at the
time of standby 1s reduced to VDDT1-VSST. Even when an
clectric potential of the dummy power line VDDTI1L at the
time of standby 1s not changed from VDD and an electric
potential of the dummy power line VSSTI1L at the time of
standby 1s not changed from VSS, although the voltage
between the source and the drain of the transistor P2 at the
time of standby 1s reduced to VDDT-VSS and the voltage
between the source and the drain of the transistor N1 at the
time of standby 1s reduced to VDD-VSST, in the present
embodiment, because the voltages between the sources and
the drains are further reduced, the subthreshold leak at the
time of standby 1s further reduced.

Furthermore, as shown 1n FI1G. 4, substrates (back gates) of
the transistors P1 and P2 are connected to the main power line
VDDL. Consequently, the power potential VDD 1s always
supplied to the transistors P1 and P2 as substrate potentials
irrespective of whether in the active mode or the standby
mode. Similarly, substrates (back gates) of the transistors N1
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and N2 are connected to the main power line VSSL. Conse-
quently, the power potential VSS 1s always supplied to the
transistors N1 and N2 as substrate potentials 1rrespective of
whether 1n the active mode or the standby mode.

In the present embodiment, because a gate potential of the
transistor P1 that becomes electrically conductive at the time
of standby 1s the power potential VSST1, a voltage between
the gate of the transistor 21 and the substrate becomes VDD-
VSST1. Similarly, because a gate potential of the transistor

N2 that becomes electrically conductive at the time of
standby 1s the power potential VDDT1 (<VDD), a voltage

between the gate of the transistor N1 and the substrate
becomes VDDT1-VSS. When the electric potential of the
dummy power line VDDTI1L at the time of standby 1s not
changed from VDD and the electric potential of the dummy
power line VSSTI1L at the time of standby 1s not changed
from VSS, either of the voltage between the gate of the tran-
sistor P1 and the substrate and the voltage between the gate of
the transistor N2 and the substrate becomes VDD-VSS. How-
ever, 1n the present embodiment, because the electric poten-
tial of the dummy power line VDDT1L at the time of standby
drops to the power potential VDDT1, and the electric poten-
tial of the dummy power line VSST1L at the time of standby
rises to the power potential VSST1, leakage currents tlowing,
between the gate electrodes and the substrates (back gates) of
the transistors P1 and N2 at the time of standby can be
reduced.

In addition, in the present invention, because a drain poten-
t1al (an output signal) of the transistor P2 that becomes elec-
trically non-conductive at the time of standby 1s the power
potential VSST1 (>VSS) and a drain potential (output signal)
of the transistor N1 1s the power potential VDDT1 (<VDD),
leakage currents flowing between the drains and the sub-
strates (back gates) of the transistors P2 and N1 at the time of
standby can even be reduced.

FIG. 5A 1s a circuit diagram of the off-leakage control
circuit 20 of another example, and FIG. 5B 1s a circuit dia-
gram of the ofl-leakage control circuit 40 of another example.

The off-leakage control circuit 20 of FIG. SA includes the
P-channel MOS transistor 21 that 1s connected between the
main power line VDDL and the dummy power line VDDTIL,
and a regulator circuit 23 that 1s connected to the dummy
power line VDDTIL. It differs from the ofi-leakage control
circuit 20 of FIG. 2A 1n that 1t does not include the diode 22.

FIG. 6A 1s a circuit diagram of the regulator circuit 23. As
shown 1n FIG. 6A, the regulator circuit 23 includes a P-chan-
nel MOS ftransistor 24 that 1s connected between the main
power line VDDL and the dummy power line VDDT1L, and
an operational amplifier 25 whose output terminal 1s con-
nected to a gate electrode of the transistor 24. The power
potential VDDT1 1s supplied to an mverting mput terminal
(—) of the operational amplifier 25, and a non-inverting input
terminal (+) 1s connected to the dummy power line VDDT1L.
Therefore, when the power potential VDDT1 1s input into the
inverting input terminal (-) of the operational amplifier 25
when the transistor 21 1s turned oif, the power potential
VDDT1 appears 1n the dummy power line VDDTIL. The
power potential VDDT1 supplied to the inverting input ter-
minal (-) 1s an electric potential that determines the electric
potential of the dummy power line VDDTI1L, and 1s set to a
predetermined electric potential so as to minimize various
types of the leakage current. The inverting input terminal 1s an
input node of the regulator circuit 23, and exerts control over
the electric potential of the dummy power line VDDTI1L
according to the predetermined electric potential that the
iverting mput terminal itself receives.
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The off-leakage control circuit 40 of FIG. 5B includes the
N-channel MOS transistor 41 that 1s connected between the
dummy power line VSST1L and the main power line VSSL,
and a regulator circuit 43 connected to the dummy power line
VSSTI1L. It differs from the off-leakage control circuit 40 of
FIG. 2D 1n that 1t does not include the diode 42.

FIG. 6B 1s a circuit diagram of the regulator circuit 43. As
shown i1n FIG. 6B, the regulator circuit 43 includes an
N-channel MOS transistor 44 that 1s connected between the
dummy power line VSST1L and the main power line VSSL,
and an operational amplifier 45 whose output terminal 1s
connected to a gate electrode of the transistor 44. The power
potential VSST1 1s supplied to an inverting input terminal (-)
of the operational amplifier 45, and a non-mverting 1nput
terminal (+) 1s connected to the dummy power line VSST1L.
Therefore, when the power potential VSST1 1s input into the
iverting mput terminal (=) of the operational amplifier 435
when the transistor 41 1s turned off, the power potential
VSST1 appears 1n the dummy power line VSSTI1L. The
power potential VSST1 supplied to the mverting input termi-
nal (=) 1s an electric potential that determines the electric
potential of the dummy power line VSSTI1L, and 1s set to a
predetermined electric potential so as to minimize various
types of the leakage current. The inverting input terminal 1s an
input node of the regulator circuit 43, and exerts control over
the electric potential of the dummy power line VSSTI1L
according to the predetermined electric potential that the
inverting iput terminal itself receives.

As described above, 1n the off-leakage control circuits 20
and 40 of FIGS. SA and 5B, the electric potential levels of the

dummy power lines VDDTI1L and VSSTI1L at the time of
standby can be minutely adjusted by the regulator circuits 23
and 43. As a result, reduction of the subthreshold current can
be optimized. Furthermore, the levels of the power potentials
VDDT1 and VSS5T1 can be dynamically altered depending on
temperature conditions, processing conditions, manufactur-
ing variation and the like.

FIG. 7A 1s a circuit diagram of the off-leakage control
circuit 20 of still another example, and FIG. 7B 1s a circuit
diagram of the off-leakage control circuit 40 of still another

example.
The oftf-leakage control circuit 30 of FIG. 7A includes the

P-channel MOS transistor 21 and an N-channel MOS tran-
sistor 26 (transistor switch) that are parallel connected
between the main power line VDDL and the dummy power
line VDDTI1L. A reference potential VREFN 1s supplied to a
gate electrode of the transistor 26. Therefore, when the tran-
sistor 21 1s turned off, that 1s, 1n the standby mode, assuming
that a threshold voltage of the transistor 26 1s VtIN, an electric
potential equivalent to VREFN-VtN appears 1n the dummy
power line VDDTI1L. The electric potential supplied to the
dummy power line VDDT1L can be adjusted by adjusting the
reference potential VREFN.

Similarly, the ofi-leakage control circuit 40 of FIG. 7B
includes the N-channel MOS transistor 41 and a P-channel
MOS transistor 46 (transistor switch) that are parallel con-
nected between the dummy power line VSST1L and the main
power line VSSL. A reference potential VREFP 1s supplied to
agate electrode of the transistor 46. Due to this, even when the
transistor 41 1s turned off, that 1s, 1n the standby mode, assum-
ing that a threshold voltage of the transistor 46 1s VtP, an
clectric potential equivalent to VREFP+V1P appears in the
dummy power line VSST1L. The electric potential supplied
to the dummy power line VSST1L can be adjusted by adjust-
ing the reference potential VREFP.

Thus, 1n the off-leakage control circuits 20 and 40 of FIGS.
7A and 7B also, the electric potential levels of the dummy
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power lines VDDT1L and VSSTI1L at the time of standby can
be minutely adjusted by the N-channel MOS transistor 26 and
the P-channel MOS transistor 46. As a result, reduction of the
subthreshold current can be optimized. Furthermore, the lev-
cls of the power potentials VDDT1 and VSST1 can be

dynamically altered depending on temperature conditions or
the like.

FIG. 8 1s a block diagram showing the configuration of a
data processing system 500 using the semiconductor device
100 according to this embodiment.

The data processing system 500 shown in FIG. 8 has a
configuration in which a data processor 520 and the semicon-
ductor device (DRAM) 100 according to this embodiment are
mutually connected via a system bus 510. The data processor
520, for example, includes micro-processor (MPU) or digital
signal processor (DSP). But it 1s not limited to them. In FIG.
8, for the sake of shorthand, the data processor 520 and the
DRAM 100 are connected via the system bus 510. But they
may be connected using a local bus not via the system bus
510.

In FIG. 8, for the sake of shorthand, only one set of the
system bus 510 1s drawn. But a plurality of system buses 510
may be provided 1n serial or parallel manner via some con-
nectors etc., 1if needed. In the data processing system 500
shown 1n FIG. 8, a storage device 540, I/O device 550, and
ROM 560 are also connected to the system bus 510. But these
components are not indispensable.

The storage device 540 may be a hard disk drive, an optical
disk drive, or a flash memory. The I/O device 550 may be one
or more display devices such as a liquid display, but not
limited to, or one or more iput devices such as a keyboard, a
mouse, but not limited to. The IO device 550 can be only one
of the mput device and the output device.

Though only one component 1s drawn for each of the
components shown in FIG. 8, the number of each of the
components 1s not limited to one. The data processing system
500 can include a plurality of each of the components.

In the embodiment of the present invention, a controller
(for example, the data processor 3520), which controls a
DRAM, issues various commands to the DRAM 100. The
DRAM 100 switches to the active mode or the standby mode
based on these commands. The plurality of commands 1ssued
by the controller are commands (system commands), which
are defined by a known trade organization (JEDEC (Joint
Electron Device Engineering Council) Solid State Technol-
ogy Association) controlling semiconductor devices.

It 1s apparent that the present invention 1s not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the mvention.

The basic technical concept of the present application can
be applied to, for example, transmission route ol control
signals of the critical path that determine external access, data
signals of a memory or a data processor and the like. Further-
more, the circuit configurations of the circuit blocks, the logic
circuits, the off-leakage control circuits, switch circuits, and
other circuits that generate control signals are not limited to
those disclosed 1n the embodiment described above.

Generally, the active mode (first state) indicates a period
when the semiconductor device 100 1s accessed from outside.
Conversely, the standby mode (second state) indicates when
the semiconductor device 100 1s not accessed from outside
even though power 1s supplied to the semiconductor device
100 from outside. The semiconductor device 100 may be
provided with a refresh function that 1s executed at predeter-
mined time intervals to retain information stored in volatile
memory cells such as a DRAM (Dynamic Random Access
Memory). The semiconductor device 100 may be further
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provided with a self refresh function by which the refresh
operation 1s performed asynchronously with the outside by an
internal timer provided inside the semiconductor device 100.
When the self refresh function 1s active, a system 1n which the
semiconductor device 100 1s 1nstalled 1s 1n the standby mode;
however, due to the self refresh operation performed inter-
mittently by the timer inside the semiconductor device 100,
the semiconductor device 100 repeatedly switches between
the standby mode (defined as a standby 1 mode) and the active
mode (the refresh operation). In the present application, the
standby 1 mode during the self refresh operation 1s also
included 1n the second state.

The basic technical concept of the present invention can be
applied to various semiconductor devices. That 1s, the present

invention can be applied to general semiconductor devices,
such as a CPU (Central Processing Unit), an MCU (Micro
Control Unit), a DSP (Digital Signal Processor), an ASIC
(Application Specific Integrated Circuit), an ASSP (Applica-
tion Specific Standard Circuit), or a memory. As shown n
FIG. 10, the present invention can be applied to the data
processor 520, the storage device 540, and the ROM 560. The
production mode of semiconductor devices to which the
present 1vention 1s applied includes an SOC (System on
Chip), an MCP (Mult1 Chip Package), and a POP (Package on
Package). The present mnvention can be applied to semicon-
ductor devices having such a production mode or a packaging
mode.

When an FET (Field Effect Transistor) 1s used as the tran-
sistor 1n the present invention, various types of FET's such as
MIS (Metal-Insulator Semiconductor) and TFT (Thin Film
Transistor) can be used as well as MOS (Metal Oxide Semi-
conductor). As the transistor, other than FE'TS, various types
of transistors such as a bipolar transistor can be also used. A
bipolar transistor can be included 1n a part of the device.

In addition, a PMOS transistor (P-channel MOS transistor)
1s arepresentative example of a first conductive transistor, and
an NMOS transistor (N-channel MOS transistor) 1s a repre-
sentative example of a second conductive transistor.

Many combinations and selections of various constituent
clements disclosed 1n this specification can be made within
the scope of the appended claims of the present invention.
That 1s, 1t 1s needless to mention that the present invention
embraces the entire disclosure of this specification including
the claims, as well as various changes and modifications
which can be made by those skilled in the art based on the
technical concept of the mvention.

What 1s claimed 1s:

1. A semiconductor device comprising:

first and fourth power lines that are not power gated;

second, third, fifth and sixth power lines that are power
gated;

a first logic circuit having an input node to recerve an input
signal and an output node to output an output signal, one
power node on a high potential side and other power
node on a low potential side, the one power node of the
firstlogic circuit being connected to the third power line,
and the other power node of the first logic circuit being
connected to the fifth power line;

a second logic circuit having an input node to receive an
iput signal and an output node to output an output
signal, one power node on a high potential side and other
power node on a low potential side, the one power node
of the second logic circuit being connected to the second
power line, and the other power node of the second logic
circuit being connected to the sixth power line; and
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a control circuit that performs power gating control over
the second, third, fifth and sixth power lines, respec-
tively, wherein

the control circuit controls, 1n a first state, an electric poten-
t1al of the second and third power lines to a first potential
of the first power line and controls an electric potential of
the fifth and sixth power lines to a second potential of the
fourth power line,

the control circuit further controls, 1n a second state, an
clectric potential of the third power line to a third poten-
tial lower than the first potential, an electric potential of
the second power line to a fourth potential lower than the
third potential, an electric potential of the sixth power
line to a fifth potential higher than the second potential,
and an electric potential of the fifth power line to a sixth
potential higher than the fifth potential,

the first logic circuit outputs a signal having the third poten-
tial from the output node thereotf 1n the second state, and

the second logic circuit outputs a signal having the fifth

potential from the output node thereof in the second
state.

2. The semiconductor device as claimed in claim 1,
wherein the output node of the first logic circuit 1s connected
to the input node of the second logic circuit.

3. The semiconductor device as claimed in claim 1,
wherein

the control circuit includes first to fourth off-leakage con-
trol circuaits,

the first off-leakage control circuit 1s coupled between the
first power line and the second power line,

the second off-leakage control circuit 1s coupled between
the first power line and the third power line,

the third off-leakage control circuit 1s coupled between the
fourth power line and the fifth power line,

the fourth off-leakage control circuit 1s coupled between
the fourth power line and the sixth power line,

the first ofi-leakage control circuit electrically disconnects
the second power line from the first power line 1n the
second state, and

the third off-leakage control circuit electrically discon-
nects the fifth power line from the fourth power line 1n
the second state.

4. The semiconductor device as claimed 1n claim 1,

wherein

cach of the first and second logic circuits includes a first
transistor of a first conductivity type connected between
the one power node and the output node, and a second
transistor of a second conductivity type connected
between the other power node and the output node, and

back gates of the first transistors are connected to the first
power line and back gates of the second transistors are
connected to the fourth power line.

5. A data processing system comprising:

the semiconductor device as claimed 1n claim 1; and

a controller that supplies a command to the semiconductor
device, wherein

the semiconductor device enters in the first state or the
second state based on the command.

6. A semiconductor device comprising:

first to third power lines respectively supplied with an
clectric potentials showing a first logical level;

a fourth power line supplied with an electric potential
showing a second logical level;

a first off-leakage control circuit that supplies the second
power line with an electric potential that 1s same as the
first potential of the first power line by electrically con-
necting the second power line to the first power line in a
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first state, and electrically disconnects the second power
line from the first power line 1n a second state;

a second off-leakage control circuit that supplies the third
power line with an electric potential that 1s same as the
first potential i the first state, and supplies the third
power line with a third potential shifted from the first
potential toward a second potential lower than the first
potential of the fourth power line 1n the second state; and

a circuit block including a plurality of logic circuits each

having an output node, wherein

the circuit block includes first logic circuits which a signal
output from the output node thereof 1n the second state 1s
fixed to the first logical level, each of the first logic
circuits includes one power node connected to the third
power line and other power node supplied with the sec-
ond potential at least 1n the first state, and

the circuit block includes second logic circuits which a
signal output from the output node thereof 1n the second
state 1s fixed to the second logical level, each of the
second logic circuits includes one power node con-
nected to the second power line and other power node
supplied with the second potential at least 1n the first
state.

7. The semiconductor device as claimed in claim 6,
wherein an electric potential of the second power line 1n the
second state shifts to the second potential from the third
potential and becomes a fourth potential higher than the sec-
ond potential.

8. The semiconductor device as claimed 1n claim 6,
wherein the other power node of the second logic circuit 1s
supplied with the second potential in the first state and sup-
plied with a fifth potential shifted toward the first potential
from the second potential 1n the second state.

9. The semiconductor device as claimed in claim 8,
wherein the other power node of the first logic circuit 1s
supplied with the second potential in the first state and sup-
plied with a sixth potential shifted toward the first potential
from the fifth potential 1n the second state.

10. The semiconductor device as claimed 1n claim 9, fur-
ther comprising;:

fifth and sixth power lines respectively supplied with an
clectric potentials showing the second logical level;

a third off-leakage control circuit that supplies the fifth
power line with an electric potential that 1s same as that
of the second potential by electrically connecting the
fifth power line to the fourth power line 1n the first state,
and electrically disconnects the fifth power line from the
fourth power line 1n the second state; and

a fourth off-leakage control circuit that supplies the sixth
power line with an electric potential that 1s same as the
second potential in the first state, and supplies the sixth
power line with the fifth potential 1n the second state,
wherein

an electric potential of the fifth power line i the second
state becomes the sixth potential, and

the other power node of the first logic circuit 1s connected
to the fifth power line and the other power node of the
second logic circuit 1s connected to the sixth power line.

11. The semiconductor device as claimed in claim 6,
wherein the first state 1s a state where the output signals of the
first and second logic circuits are changeable.

12. The semiconductor device as claimed in claim 6,
wherein

the first off-leakage control circuit includes a first switch
circuit connected between the first and second power
lines,
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the second ofi-leakage control circuit includes a second
switch circuit connected between the first and third
power lines,

the first and second switch circuits are 1n an electrical
conductive state 1n the first state, and

the first and second switch circuits are in an electrical
non-conductive state 1n the second state.

13. The semiconductor device as claimed in claim 12,

wherein the first and second switch circuits comprise electric

field effect transistors of a first conductivity type whose
sources are connected to the first power line and drains are
connected to the second power line and the third power line,
respectively.

14. The semiconductor device as claimed in claim 12,
wherein the second off-leakage control circuit further
includes a step-down circuit connected between the first and
third power lines.

15. The semiconductor device as claimed in claim 14,
wherein the step-down circuit comprises a diode whose anode
1s connected to the first power line and cathode 1s connected
to the third power line.

16. The semiconductor device as claimed in claim 12,
wherein

the second off-leakage control circuit further includes a

regulator circuit that supplies the third power line with
the third potential in the second state, and

the regulator circuit controls the third potential based on a

predetermined electric potential applied to an input node
thereof.

17. The semiconductor device as claimed in claim 12,
wherein

the second off-leakage control circuit further includes a

transistor switch whose source 1s connected to the third
power line, drain 1s connected to the first power line, and
to whose gate 1s supplied a control potential, and

the transistor switch controls the third potential based on

the control potential.

18. The semiconductor device as claimed 1n claim 17,
wherein conductivity types of an electric field effect transistor
constituting the second switch circuit and an electric field
elfect transistor constituting the transistor switch are mutu-
ally opposite.

19. A data processing system comprising:

the semiconductor device as claimed 1n claim 6; and

a controller that supplies a command to the semiconductor

device, wherein

the semiconductor device enters in the first state or the

second state based on the command.

20. A semiconductor device comprising;:

a first logic circuit having a first output node and including,

a {irst transistor of a first conductivity type that becomes
clectrically conductive when an output signal to be out-
put from the first output node to a high level and a second
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transistor of a second conductivity type that becomes
clectrically conductive when the output signal to be out-
put from the first output node to a low level; and

a second logic circuit having a second output node and
including a third transistor of the first conductivity type
that becomes electrically conductive when an output
signal to be output from the second output node to a high
level and a fourth transistor of the second conductivity
type that becomes electrically conductive when the out-
put signal to be output from the second output node to a
low level, wherein

in a first state

an electric potential of drains of the first to fourth transis-
tors that 1s 1n an electrical conductive state becomes a
first potential when an output signal of a corresponding,
logic circuit 1s at a high level and becomes a second
potential when an output signal of a corresponding logic
circuit 1s at a low level,

in a second state

an electric potential of a drain of the first transistor
becomes a third potential shifted from the first potential
toward the second potential,

a voltage between a source and a drain of the second
transistor becomes smaller than a difference potential
between the third potential and the second potential,

an electric potential of a drain of the fourth transistor
becomes a {ifth potential shifted from the second poten-
tial toward the first potential,

a voltage between a source and a drain of the third transis-
tor becomes smaller than a difference potential between
the first potential and the fifth potential, and

absolute potentials are higher in order of the first potential,
the third potential, the fifth potential, and the second
potential.

21. The semiconductor device as claimed 1n claim 20,

wherein

in the second state

an electric potential of a source of the second transistor
becomes a sixth potential shifted from the fifth potential
toward the first potential,

an electric potential of a source of the third transistor
becomes a fourth potential shifted from the third poten-
tial toward the second potential, and

absolute potentials are higher in order of the first potential,
the third potential, the fourth potential, the sixth poten-
tial, the fifth potential, and the second potential.

22. A data processing system comprising:

the semiconductor device as claimed 1n claim 20; and

a controller that supplies a command to the semiconductor
device, wherein

the semiconductor device enters i1n the first state or the
second state based on the command.
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